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Physical data is everywhere 

Information from the world Timeseries Buildings 

Wed Oct 27 12:35:00 2010,92.8 
Wed Oct 27 12:40:00 2010,91.6 
Wed Oct 27 12:45:00 2010,92.76 
Wed Oct 27 12:50:00 2010,89.445 
Wed Oct 27 12:55:00 2010,95.0 
Wed Oct 27 13:00:00 2010,94.005 
Wed Oct 27 13:05:00 2010,96.3 
Wed Oct 27 13:10:00 2010,91.61 
Wed Oct 27 13:15:00 2010,97.475 
Wed Oct 27 13:20:00 2010,95.825 
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“Smart Buildings” Existing Protocols  

BMS 
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Protocol Year Network Example Applications 
Modbus 1979 RS-485, TCP/IP Panel monitoring, alarms 
Fieldbus/
HART 

1988 various Industrial Control 

BACnet 1995 ARCNET, Ethernet, 
IP, RS-232, etc. 

HVAC, Lighting, Fire…  

WirelessHART 2007 802.15.4e Industrial control, wire replacement 
Zigbee SEP 
2.0 

2011 802.15.4 Plug-load monitoring 

•  HUGE installed/legacy base 
•  Multiple generations of hardware and 

software in the same building 
•  Typical integration: proprietary vertical 

Building Management System (BMS) 
•  Data in at the bottom 
•  Data products out at the top   
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Original Design Point 
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•  Make available diverse information sources 
•  Support publishing to the Internet 



WHERE IS SMAP USED 
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Cyber / Physical Building 
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Building Testbeds 
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Cory Hall 

Soda Hall 

S-D Hall 
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Virtual Campus 
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SMAP SOURCE CASES 
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sMAP Redesign 

•  Design iteration based on 2 years’ experience 
•  Case studies 

–  Building management system integration 
–  Retrofit system 
–  Repository integration 
–  Transient instrumentation 
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Case 1: Building Testbed 

•  CEC-funded “building-to-grid” 
testbed 

•  System retrofit into Cory Hall 
•  Integrate existing meters, 

historical data repositories 
seamlessly 
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Monitoring in Progress 

RS-485 

Rooftop climate 

Actuation: 
thermostat 
control 
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Cory Hall Power Flow 
Campus Substation 12KV Service

Service Meter West 12KV/480V W. Trans E. Trans 12KV/480V
KEY:
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Main Switch Board 480V 3 phase No Meter  Breaker is OFF
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MCL 2 MCL 14 MCL 17 MCL 8 AC-92B Pump
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CY1 wet vac HF84 Elevator

MCL 4 MCL 23 AC-92A SF 102 1 AH-3
CV 2 DI pump East Pump AC-91

MCL 5 MCL 24 Centura 480/240 West
CY 3 RO Pump

PNL 5PA

AC 48  

WP 49

WP 73

WP 76

Cont. pwr

51 EF 1-12

3 4 

18 

5 1 2 7 6 10
10 

9 

8 
12 

11 14 

19 

mcl 

1 

35
8 

20 21 22 23 24 25 26 27 28 
50 

51 

52 

53 

54 

33 

34 

35 

37 

38 

39 

40 

41 

42 

# 

15 

3

3

35
8 

35
8 

35
8 

mcl 

mcl 

mcl 

mcl 

mcl 

A 

B 

DE 

C 

F 

A 

September 13, 2011 LBNL EETD Seminar Series 13 



Cory Hall Retrofit Takeaways 

•  Represent complex relationships 
between meter elements 
– Relate instrumentation, system, and physical 

views of plant 
•  Highly diverse sources of data 
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Case 2: Building Management System 

•  Sutardja-Dai (SDH) Hall 
–  Managed with Siemens 

Apogee System 
•  Shared serial bus, polled by 

master 
•  Large number of points, high 

data volume 
•  Similarly complex data 

relationships 
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SDH Apogee System 

•  1358 control settings 
–  Set points, Relays (lights, pumps, etc), Schedules 

•  2291 meters/sensors 
–  Power (building, floor, lights, chiller, pumps, etc) 

•  Current, voltage, apparent, real, reactive, peak 
–  Temp (rooms, chilled water, hot water) 
–  Air volume 
–  Alarms, Errors 

•  2165 control outputs 
–  Dampers, valves, min/max flow, fan speed, PID 

parameters 
•  72 other 
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SDH Power Flow 
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Case 3: Residential Plug-Loads 

Dense plug-load metering using 
wireless mesh networks 

Goal: understand the use patterns of 
appliances 

•  Deployment methodology for 
inventory and stratified sampling 
of loads 

•  Takeaways: unreliability of 
home internet, NATed operation 

September 13, 2011 LBNL EETD Seminar Series 18 

Existing 
repository

~80 ACme Meters

APOGEE SystemR
S

-485 b
us

BACNet/IP

Historian

sMAP Proxy

BACNet/IP

C
am

p
us LA

N

6000 sense points

sMAP

6loWPAN Router

Home DSL Router

Whole 
House 
Meter

Internet

IPv6 VPN

VPN 
Endpoint

6loWPAN mesh

450 ACme 6loWPAN network: 2001::/64
7 edge 
routers

Building LAN

Second tier 802.3 meshed VPN
2002::/64

Modbus/
Ethernet 
bridge

4 fl
o

o
rs

Modbus/
Ethernet 
bridge
Modbus/
Ethernet 
bridge

ACme

Ethernet thermostat

IP Electric Meter

VPN 
Endpoint

V
LA

N

sMAP Proxy
Native 
protocols

sMAP

sMAP

Data 
Repository

Visualization

Analysis

Control

Edge Router 

(With LBNL MELS group) 



Network Complexity & Reachability 

Topology [openmesh025,2001:470:8172:61: :64]  2011-09-08T03:30:07.611UTC
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DOE MELS => Appliance Energy 

8/2/2011 CPS-PI-11 20 

LBNL Bldg 90 
611 of 1200 loads 



(Re)design Takeaways 

•  Integrating heterogeneous communication substrates 
is [still] a must 
–  Was a goal of sMAP 1 
–  Better support is possible 

•  Intermittent connectivity is unavoidable 
–  Don’t lose data when not necessary 
–  Design for reliability 

•  Existing repositories are unavoidable 
–  Efficient import/export of data (same as a trickle load) 
–  Well known requirement of existing BI/decision support 

products 
•  Accept metadata from existing systems when 

available 
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sMAP 1 Overview 

/                      # list resource under URI root [GET] 	
  /data                # list sense points under resource data [GET] 	
    / [sense_point]    # select a sense point [GET]	
      /meter           # meters provide this service [GET] 	
        / [channel]    # a particular channel [GET] 	
          /reading     # meter reading [GET] 	
          /format      # calibration and units [GET/POST] 	
          /parameter   # sampling parameter [GET/POST] 	
          /profile     # history of readings [GET] 	

 Represent units, sampling parameters of the 
underlying device, for each channel 

 Expose over HTTP 
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Change 1: Represent Timeseries 

•  Objects are Timeseries and Collections 
•  Timeseries are durably identified 

–  A collection of structured key-value pairs, data 
–  Data is (time, value[, seqno]) vectors 

•  Collections group timeseries with shared metadata 
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{ 
 "/" : {  
    "Contents" : ["sensor0"], 
    “Metadata” : { “SourceName” : “Example sMAP Source” }, 
   },  
 "/sensor0" : { "Contents” :["channel1"] }, 
 "/sensor0/channel0" : { 
   "uuid" : "a7f63910-ddc6-11e0-8ab9-13c4da852bbc",     
   "Readings" : [ [1315890624000, 12.5 ] ] 
  } 
} 
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/true_power 

Properties/ReadingType: double 
Properties/Timezone: America/Los_Angeles 
Properties/UnitofMeasure: kW 

/ABC 

Extra/Phase: ABC 

Change 2: Simple Metadata 

•  Each stream can be “tagged” with key-value pairs 
•  Easy to tag related collections of points 
•  Natural way to represent “subset of” relation 
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/ 

Location/Campus: UCB 
Location/Building: Cory Hall 

gpe 

Instrument/Manufacturer: Dent Industries 
Instrument/Model: PowerScout 18 
Instrument/SamplingPeriod: 20 

/elt-A 

Extra/DentElement: elt-A 
Extra/Circuit: 1 
Extra/System: lighting 
Extra/ServiceDetail: lighting floors 0-4 



OSS sMAP Source Implementation 

•  Implementation of new design 
–  Focus on ease of writing new source 

•  Reliable delivery with local buffering 
•  Multiple configuration options for adding metadata, 

setting up drivers 
•  Growing driver library 
•  Documentation, tutorials, etc. 
•  Focus on minimum effort to add new source 
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http://cs.berkeley.edu/~stevedh/smap2/ 



INFRASTRUCTURE 
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sMAP Architectural Evolution 
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Shared Services Using sMAP 
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High-performance Storage Service 
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•  Low-latency, high speed access to archived readings 
•  3.4 billion readings, 3.5 bytes/reading on disk 



Tag Browser 
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Plotting and Exploration 
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APPLICATIONS 
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Personalized Lighting Control 

(Andrew Krioukov) 
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Live Virtual Campus Breakdown 

September 13, 2011 LBNL EETD Seminar Series 36 

8MW 

5MW 

Built with data from three systems 



Other Projects in Progress 

•  Demand response 
–  Shed 30% of load on demand in SDH 

•  Learning-Based Model Predictive Control of HVAC 
Systems 
–  Save 30-70% using improved 

•  Numerous reductions in Cory Hall: to stuck 
dampers, devices knocked off schedule, corroded 
pipes, etc. 
–  Manual detection of anomalies 
–  Challenge is to automate sifting through the data  
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Conclusions 

•  sMAP as interchange format introduces 
architectural flexibility 
– Same story as in CAD/BIM, many other places 
– Especially important in a research context to 

enable fast moving “hypothesis testing” 
•  In this case, the protocol should be designed 

with the Internet in mind 
– We didn’t talk about this much 
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QUESTIONS 
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http://new.openbms.org 
http://cs.berkeley.edu/~stevedh/smap2/ 
http://code.google.com/p/smap-data/  



Outline 

•  LoCal project overview 
–  Networked electric grid 
–  Extensive load participation in decision 

•  Project approach 
–  Commercial buildings, residences, datacenters: virtual campus 
–  Commonality: time series data collection, analysis, feedback 

•  What is sMAP 
–  A family of protocols & conventions 
–  An open-source reference implementation 

•  Why does sMAP exist? 
•  Where is sMAP used 

–  Transfer of time-series data 
•  What have we done with sMAP? 
•  What is the future of sMAP? 

September 13, 2011 LBNL EETD Seminar Series 40 


